In an electron microscope study on the developmental cycle of the goat pneumonitis strain of Chlamydia psittaci in L cells, it was observed that miniature reticulate bodies, measuring approximately 0.2 Mm in diameter and surrounded by double unit membranes, were produced infrequently from normal-sized reticulate bodies through a "budding"-like process. As little as 0.1 ,ug of penicillin per ml greatly increased the frequency of the miniature reticulate body formation.
Ultrastructural aspects of the developmental cycle of the chlamydiae have been studied extensively with the agents of psittacosis (6, 7, (9) (10) (11) 15) , lymphogranuloma venereum (3, 4) , ocular trachoma (7, 13) , human genital tract infection (8) , and sheep polyarthritis (5) . It has been established that the developmental pattern of the genus Chlamydia is definitely unique and essentially the same for all its members. This paper describes ultrastructural details of abnormally small reticulate body formation observed in the developmental course of goat pneumonitis (GP) strain of Chlamydia psittaci in L cells, which was not emphasized in the studies just mentioned.
MATERIALS AND METHODS C. psittaci. The GP organism (14, 18) 
RESULTS
Miniature chlamydial cell formation. The reticulate bodies of GP organisms multiply by simple binary fission process, as is generally observed in the genus Chlamydia. However, extremely unequal divisions can occur occasionally, thus producing very small daughter reticulate bodies through a "budding"-like process (Fig. 1 ). These small reticulate bodies, which measure about 0.2 ,um in diameter, will be referred to as "miniature" reticulate bodies in the present study, since the elementary bodies of the chlamydial organism are often referred to as "small" bodies in the electron micrographs. The formation of the miniature reticulate bodies in GP was greatly promoted by the addition of penicillin to the nutrient fluid at a concentration as low as 0.1 gg/ml, enough to reduce the final infectious titer 100-fold. Fig. 2 shows a cluster of reticulate bodies at 24 h after infection which were grown in the presence of 0.1 ,ug of penicillin per ml. There are a number of free miniature reticulate bodies among normal-sized reticulate bodies. In addition, it is seen that some miniature reticulate bodies are about to be released from a reticulate body (Fig. 3, at arrows ). Fig. 2 4 shows three intracellular miniature reticulate bodies (at arrows) in a pseudopodlike protrusion and two free miniature cells as well. As shown in Fig. 5 , many miniature reticulate bodies were sometimes formed in an intracellular cavity in the presence of 0.1 jig of penicillin per ml. When the miniature reticulate bodies were too numerous to be liberated from the larger reticulate body by a "budding" process as seen in Fig. 5 in a premature form, they were often disseminated by rupture of the cell wall of the large reticulate body. In this figure, two free miniature cells may be seen, one of which is bounded by clearly evident double-unit membranes.
DISCUSSION
The miniature reticulate bodies as described here may be seen in the electron micrographs of growing ornithosis organisms (2) and human genital tract chlamydia (8) , although little attention has been paid to them. Moreover, similar miniature cells appear in the electron vt 7/. micrographs of Rickettsia sennetsu within cytoplasmic membrane-lined vesicles (2) and in a certain strain of Escherichia coli (1) as well. Miniature cell formation may be a common occurrence in a variety of bacteria, although the process itself must be an abnormal cell division.
The mechanism of the stimulating effect of penicillin on miniature reticulate body formation in GP is not understood, although it probably has some relation to its inhibitory effect on cell wall synthesis in chlamydiae. Weiss (19) first reported in his light microscope study that penicillin prevented the division of the reticulate bodies of the feline pneumonitis strain of C. psittaci in embryonated eggs but allowed an abnormally large type of chlamydial cell to be formed. The morphological changes of the chlamydial cells induced by penicillin was first observed by means of electron microscopy by Tajima et al. (16) . They noted that certain small particles, which measure approx- TANAMI AND YAMADA in the entodermal layers of the chicken embryo when penicillin was administered simultaneously with the meningopneumonitis organism into the eggs. Although the structure of the small particles was not clear, they must be analogous to the miniature reticulate bodies mentioned here. Similar small reticulate bodies which appeared among abnormally shaped large reticulate bodies of the meningopneumonitis organism treated with penicillin were also described by Matsumoto and Manire (12) .
The inhibitory effect of penicillin on the chlamydiae in tissue culture has recently been reexamined ultrastructurally (4, 17) . Tamura and Manire (17) reported that penicillin did not inhibit reproduction of reticulate bodies of the meningopneumonitis strain of C. psittaci and the formation of their cytoplasmic membranes, but it did inhibit the formation of elementary body cell walls. If this is the case in GP, penicillin would be expected to bring about a quantitative inbalance between the cytoplasmic membrane and the cell wall of growing reticulate bodies, i.e., a relative shortage of cell wall as compared to cytoplasmic membrane. Such a disturbance in membrane synthesis could be favorable to the formation of miniature reticulate bodies, since the sum total of intracellular miniature cell surfaces in a case such as shown in Fig. 5 must be greater than the surface of the surrounding cell wall. However, the real mechanism by which penicillin promotes the proliferation of the miniature reticulate bodies is not known.
